Coffee silverskin (CS) is a thin tegument of the outer layer of green coffee beans and a major 19 by-product of the roasting process to produce roasted coffee beans. CS extracts obtained by the 20 treatment of CS with subcritical water at 25-270 o C were investigated on their antioxidant 21 activity using hydrophilic oxygen radical absorption capacity (H-ORAC) and DPPH radical 22 scavenging capacity assays. The antioxidant activity increased with increasing the extraction 23 temperature and the highest activity was observed with the extracts obtained at 270 o C. The H-24 ORAC and DPPH values of the extracts were 2629 ± 193 and 379 ± 36 mol TE/g of CS extract, 25 respectively. High correlation (R = 0.999) was observed between H-ORAC and DPPH values for 26 the CS extracts. High correlation of the antioxidant activity was also observed with protein and 27 phenolic contents in the extracts. The CS extracts could be useful as a good source of 28 antioxidative materials. 29 30
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Introduction 33 34
Coffee is one of the most consumed popular beverages throughout the world. Coffee silverskin 35 (CS) is a thin tegument of the outer layer of green coffee beans and a major by-product of the 36 roasting process to produce roasted coffee beans. Most CS is disposed of as industrial waste 37 because the effective utilizing of CS has not yet been developed. Therefore CS can be regarded as 38 biomass which is expected to be utilized. of the reports is much less than that for coffee bean. 46
The water maintained in the liquid state by pressurizing in the temperature ranging between 47 100 and 374 o C is called subcritical water. The specific inductive capacity or dielectric constant 48 of water remarkably lowered with increasing temperature (Miller & Hawthorne, 1998 7 was 1.0 ml/min. Caffeine, 5-CQA, and 5-HMF were detected by respective absorption at 270, 325, 136 and 284 nm with a photodiode array. Caffeine, 5-CQA, and 5-HMF in the CS extract were 137 identified by comparing the retention times and the UV spectra of the standard materials. The 138 detection limits of all quantitative analyses were 10 g/ml. 139 140
Determination of total sugar contents. 141 142
Total sugar contents of CS extracts were determined by the phenol-sulfuric method (Dubois, 143
Gilles, Hamilton, Rebers, & Smith, 1956). The CS extract solution was prepared to the 144 concentration of 1.0 mg/ml using distilled water. Zero-point-five ml of 5% (w/w) phenol was 145 added to 0.5 ml of the CS extract solution of 1.0 mg/ml, followed by adding quickly 2.0 ml of 146 H 2 SO 4 , and the mixture was mixed well. The mixture was left for 40 min at 25 o C in a water bath. 147
The absorbance at 490 nm was measured using a spectrophotometer. The total sugar contents of 148 the CS extracts were determined using standard curves obtained with D- (w/v) Na 2 CO 3 aqueous solution, 0.5 ml of 2% (w/v) sodium potassium tartrate aqueous solution, 166 and 0.5 ml of 1% (w/v) CuSO 4 aqueous solution. Zero-point-two ml of the CS extract solution 167 and 0.2 ml of 2 M NaOH were mixed and stood for 20 min at 25 o C. Then the mixture was added 168 to 2.0 ml of the Lowry's solution and stood for 20 min at 25 o C. Next, the Folin-reagent was 169 added to the mixture and left for 20 min at 25 o C. The absorbance at 750 nm was measured using 170 a spectrophotometer. The protein contents of the CS extracts were determined using standard 171 curves obtained with BSA. 172 173
Determination of total phenolic contents. 174 175
Total phenolic contents of CS extracts were determined using a previously reported procedure 176 with the Folin-Ciocalteu's reagent (Singleton & Rossi, 1965) . Zero-point-two ml of 1.0 mg/ml CS 177 extract was added to 1.8 ml of distilled water followed by 1.0 ml of the Folin-Ciocalteu's reagent. Usuki, Kimura, & Adachi, 2008). We analyzed caffeine and 5-CQA which are the main 262 polyphenols in coffee beans and 5-HMF in the CS extracts by reversed-phase HPLC (Fig. 1) . 263
The peak of caffeine was observed at the elution time of 13.8 min. The amounts of caffeine 264 extracted from 1 g CS by the treatment with water were in the range of 4.1-4.4 mg, beingsubstantially the same without depending on the extraction temperature from 180 to 270 o C 266 (Table 2 ). It was reported that the percentage yield of caffeine extracted by subcritical water 267 extraction from tea waste increased depending on the increase in the extraction temperature from 268 100 o C to 175 o C, and the highest value obtained at 175 o C was 0.77% (w/w) namely 7.7 mg/g 269 (Shalmashi, Abedi, Golmohammad, & Eikani, 2010). This difference might be due to that most of 270 all caffeine is contained in CS could be extracted even at 25 o C, although caffeine in tea waste is 271 located in the state so as to be extracted by the degradation of cell walls and other cell 272 components (Table 2 ). Another point is the extraction time with subcritical water. In the present 273 study, we applied 10 min for extraction to CS, whereas 120 min was applied to tea waste. At least, 274 it was suggested that caffeine in CS extracts is not decomposed by subcritical water at 180-270 (pH is around 13) because it is a basic material (Table 2) . 281 5-CQA was detected in the CS extracts obtained by the treatments with water at 25, 80, and 282
180
o C (Table 2) , although it was not detected in the CS extracts obtained by the treatments with 283 water at 210, 240, and 270 o C (Table 2 ). These results suggest that 5-CQA in CS treated by 284 subcritical water above 210 o C was decomposed. It is known that a progressive destruction and 285 transformation of chlorogenic acid with 8-10% being lost for every 1% loss of dry matter during 286 roasting of coffee beans (Clifford, 1999). Table 3 shows the total sugar and reducing sugar contents in 1 g CS extracts obtained by the 312 treatments under various conditions. The values of the total sugar and reducing sugar contents 313 (mg/g CS extract) were converted to their amounts (mg/g CS) contained in 1 g CS (Table 3) . 314
When 1 g CS is treated by water at 25-270 o C, the amounts of total sugar and reducing sugar in 1 315 g CS increased with increasing the extraction temperature from 25 o C to reach the maximum for 316 both at 180 o C to the amounts of 121 ± 9 mg and 52 ± 2 mg, respectively (Table 3) . However, the 317 Table 3 shows the protein and total phenolic contents of 1 g CS extracts obtained by the 341 treatments under various conditions. The values of the protein and total phenolic contents were 342 converted to their amounts (mg/g CS) contained in 1 g CS (Table 3 ). The protein content in thetemperature from 25 o C to 240 o C and the maximum values were observed at 240 o C being 582 ± 345 10 mg per g of CS extract (Table 3) and their contents extracted from 1 g CS increased with 346 increasing the temperature, although the maximum was observed at 210 o C being 157 ± 4 mg per 347 g CS (Table 3) (Table 3) . 358
The total phenolic content in the CS extract obtained by the treatment with water increased 359 with increasing the extraction temperature from 25 o C to 240 o C and the maximum values were 360 observed at 240 o C being 130 ± 6 mg per g of the CS extract (Table 3 ).The largest amount of total 361 phenolic components (36 ± 3 mg) extracted from 1 g CS was also observed with water at 210 o C 362 (Table 3) . It was six times as high as it extracted from 1 g CS with water at 25 o C (6 ± 0 mg). This 363 might also due to the hydrolysis or degradation of polyphenolic compounds such as lignin and 364 lignan into smaller and soluble compounds. At the extraction temperature of 25 o C and 80 o C, the 365 efficacy of the solvent in the extraction of total phenolic compounds was not much different in 366 these treatments (Table 3 ). The amount of total phenolic components was 5-8 mg/ per g of CSwater at 210 o C was about five times as high as that extracted with these solvents at 25 and 80 o C 369 (Table 3) . 370 (Table 4) . 383
The H-ORAC values of the CS extracts obtained by the treatments by with water, 0.1 M HCl, 384 and 0.1 M NaOH at the various temperatures were also examined ( Fig. 2A & Table 4) . The values 385 of the CS extracts obtained with water increased with increasing the temperature also in a sigmoid 386 fashion with increasing the extraction temperature from 25 o C to 270 o C (Fig. 2A) . The maximum 387 value was given at 270 o C was 2629 ± 193 mol TE per g of CS extract (Table 4) (Table 4) by two methods, N,N-dimethyl-p-phenylenediamine (DMPD) (Fig. 3) . It is worthy to note that there 414 is also high correlation between protein contents and their H-ORAC and DPPH values, with the R 415 values of 0.994 and 0.990, respectively (Fig. 3) . Peptides produced by the decomposition of 416 soybean protein and wheat gluten were reported to exhibit strong DPPH radical scavenging 417 activity and antioxidant activity against linoleic acid oxidation in emulsion systems (Park, CS extracts obtained by the treatment with water at 210-270 o C did not contain 5-CQA, which is 421 thought to be the main antioxidant component of coffee beans, although the extracts showed high 422 antioxidant activity (Table 2 The CS extracts could be useful as a good source of antioxidative materials. Furthermore, the 448 treatment using subcritical water was more efficient for production of the antioxidative materials 449 from CS. Besides, it was shown that the subcritical water treatment is effective on extraction of 450 total sugar, reducing sugar, protein, phenolic components, and 5-HMF from CS by adjusting 451 treatment temperature. 
